Objectives Neighbourhood characteristics (eg, high poverty rates) are associated with STIs among HIV-uninfected women in the USA. However, no multilevel analyses investigating the associations between neighbourhood exposures and STIs have explored these relationships among women living with HIV infection. The objectives of this study were to: (1) examine relationships between neighbourhood characteristics and current STI status and (2) investigate whether the magnitudes and directions of these relationships varied by HIV status in a predominantly HIV-infected cohort of women living in the Southern USA. Methods This cross-sectional multilevel analysis tests relationships between census tract characteristics and current STI status using data from 737 women enrolled at the Women's Interagency HIV Study's southern sites (530 HIV-infected and 207 HIVuninfected women). Administrative data (eg, US Census) described the census tract-level social disorder (eg, violent crime rate) and social disadvantage (eg, alcohol outlet density) where women lived. Participant-level data were gathered via survey. Testing positive for a current STI was defined as a laboratory-confirmed diagnosis of chlamydia, gonorrhoea, trichomoniasis or syphilis. Hierarchical generalised linear models were used to determine relationships between tract-level characteristics and current STI status, and to test whether these relationships varied by HIV status. Results Eleven per cent of participants tested positive for at least one current STI. Greater tract-level social disorder (OR=1.34, 95% CI 0.99 to 1.87) and social disadvantage (OR=1.34, 95% CI 0.96 to 1.86) were associated with having a current STI. There was no evidence of additive or multiplicative interaction between tract-level characteristics and HIV status. Conclusions Findings suggest that neighbourhood characteristics may be associated with current STIs among women living in the South, and that relationships do not vary by HIV status. Future research should establish the temporality of these relationships and explore pathways through which neighbourhoods create vulnerability to STIs. Trial registration number NCT00000797; results.
INTRODUCTION
Although the HIV epidemic was initially concentrated in the northeastern and western regions of the USA, the South now bears a significant burden of the epidemic. 1 2 Roughly half of new HIV diagnoses in 2010 were located in the South, although just 37% of the US population lives in this region. 2 In addition, nine states in the Southern USA (Alabama, Florida, Georgia, Louisiana, Mississippi, North Carolina, South Carolina, Tennessee and Texas) have higher proportions of individuals diagnosed with HIV who are black and female than other regions. 2 The South also experiences persistently high prevalences of other STIs. 1 Co-infection with STIs is common in women living with HIV. 3 4 STIs contribute to comorbidities (eg, infertility, pelvic inflammatory disease) and may facilitate the transmission of HIV and other STIs to sexual partners. 3 4 The US National HIV/AIDS Strategy and the Centers for Disease Control and Prevention have identified the improvement of prevention and treatment of HIV and STIs for people living with HIV as priority areas. 5 6 Growing evidence suggests that features of the social and built environment may shape women's vulnerability to STIs. Geographic areas with high levels of poverty and violent crime tend to have high prevalences of STIs, including HIV. 7 8 Multilevel studies exploring associations between neighbourhood characteristics and sexual health in individuals have found that living in neighbourhoods with high densities of alcohol outlets, prevalent neighbourhood poverty and prevalent STIs is associated with more sexual partner risk (eg, nonmonogamy, dense sexual networks), sexual network turnover and STIs in HIV-uninfected populations. [9] [10] [11] [12] [13] [14] [15] [16] An understanding of whether neighbourhood factors influence current STI status could inform HIV/STI prevention and treatment efforts. However, the vast majority of multilevel research exploring relationships between neighbourhoods and STIs study these relationships in youth or young adults; 10-12 16 it is possible that relationships between neighbourhood characteristics and sexual health vary across the life course. 17 In addition, to our knowledge, no multilevel studies investigating the associations between neighbourhood exposures and STIs have explored these relationships in a predominantly HIV-infected cohort. It is unclear how neighbourhood characteristics create vulnerability to STI acquisition for people living with HIV. It is possible that the magnitude or direction of relationships between neighbourhood characteristics and STIs are different for HIV-infected versus HIV-uninfected women. For example, neighbourhood characteristics may be less influential for HIV-infected women because they have stronger incentives to protect their health or that of their partner (eg, condom use). 18 This multilevel cross-sectional study describes associations between neighbourhood characteristics and current STI status among a predominantly HIV-infected cohort of women living in the Southern USA, and tests whether the associations between neighbourhood characteristics and having a current STI vary by HIV status. This analysis is guided by the Socioecologic Framework (SEF), 19 which acknowledges that features of the physical and social environment may shape access to resources (eg, employment opportunities) needed to engage in healthful behaviours as well as exposure to hazards associated with negative health outcomes. For example, living in neighbourhoods with high densities of businesses selling alcohol for off-premise consumption may increase a woman's probability of having a current STI by promoting greater community-level alcohol consumption, more sexual risk behaviour and by connecting women to risky sexual networks. 20 21 We hypothesised that greater neighbourhood social disorder (eg, more violent crime) and greater social disadvantage (eg, more alcohol outlets) would be associated with having a current STI, 7 8 10-12 and that the magnitude of this relationship would be stronger for HIV-uninfected participants. 18 
METHODS

Sample and recruitment
The Women's Interagency HIV Study (WIHS) is a multisite, prospective cohort study designed to characterise the impact and progression of HIV among US women. 22 In 2013, WIHS expanded to clinical research sites in the Southern USA (ie, Alabama, Florida, Georgia, Mississippi and North Carolina). These sites enrolled HIV-infected women and HIV-uninfected women at high risk of HIV acquisition between October 2013 and September 2015. WIHS eligibility criteria included being a woman aged between 25 and 60 years. In addition, HIV-infected women were antiretroviral therapy (ART) naïve or started highly active ART (HAART) after 31 December 2004; had never been on non-HAART ART, and had documented pre-HAART CD4 counts and HIV viral load. HIV-uninfected women reported either personal or partner characteristics associated with increased risk of HIV acquisition in the last 5 years: clinical STI diagnosis (eg, using injection drugs).
Participants were recruited by WIHS using several strategies, including clinic and community-based organisation referrals. Institutional Review Board (IRB) approval was obtained at each of the collaborating institutions and written informed consent was obtained prior to initiation of study procedures. Methods are described in detail elsewhere. 22 This secondary analysis, approved by the Emory University IRB, is restricted to WIHS participants who provided written informed consent to collect and geocode their residential address. For more detailed description of WIHS methods and the secondary analysis described herein, please see the web only appendix.
Data collection and measures
Outcome: current STI The outcome, testing positive for a current STI (binary), was defined as a laboratory-confirmed diagnosis for at least one of the following at baseline: chlamydia, gonorrhoea, trichomoniasis or early syphilis (titre and confirmatory test results consistent with primary, secondary or early latent (<1 year duration) infection). Assessment for each STI was conducted according to WIHS protocol requirements. Participants with a current STI were referred to medical providers for treatment. Participants who did not have laboratory test results for all four of the STIs available and also did not have at least one positive test among available results were excluded from the analyses (n=63, 8.55%). Study sites other than Georgia had higher rates of missing STI data, as did HIV-infected participants ( p<0.05). We used maximum likelihood estimation and included covariates (ie, HIV status, enrolment site) associated with missing outcome data in all multivariable models, thus controlling for potential bias introduced. 23 
Census tract-level characteristics
Baseline participant residential addresses were geocoded to census tracts. Measures describing the social and physical environments of the census tracts where women lived were constructed using existing data sources (eg, US Census) (table 1).
Because several tract-level predictors were correlated, we were unable to group tract-level predictors a priori. Instead, we used principal components analysis with orthogonal rotation (varimax) to condense tract-level variables into components and to avoid multicollinearity in multivariable models. We extracted two continuous standardised principal component scores for factors with eigenvalues >1.0: (1) 'social disorder' (vacant housing units, violent crime rate, STI prevalence, per cent poverty, per cent unemployed) and (2) 'social disadvantage' ( per cent renter-occupied housing units, alcohol outlet density). For each factor, a 1 SD increase indicates greater than average social disorder or social disadvantage for the sample.
Participant-level characteristics
WIHS collected all demographic and behavioural data using interviewer-administered questionnaires. Participant-level characteristics that might confound or modify relationships between tract-level characteristics and current STI status were determined a priori via a literature review. 3 4 18 The effect modifier of interest was being HIV-infected, defined by WIHS as a reactive serologic ELISA test and a confirmed positive western blot or detectable plasma HIV-1 RNA.
Control variables captured demographic characteristics and behaviours in the past 6 months and were binary unless otherwise noted: age in years (continuous mean-centred); married or cohabitating; non-Hispanic African-American; annual income ≤US$18 000; self-rated quality of life (QOL) (continuous meancentred, measured using an abbreviated Medical Outcomes Study Scale ranging from 0 to 100, with higher scores indicative of greater QOL 24 ); alcohol and substance use (>7 drinks in the past week or any injection or non-injection use of crack, cocaine, heroin, marijuana, hallucinogens, club drugs, methamphetamines or recreational prescription drug use in the last 6 months); exchange of sex for drugs, money or housing; homeless (currently living in a rooming or halfway house, shelter, welfare hotel or on the street); lifetime history of chlamydia, gonorrhoea, trichomoniasis or syphilis; condomless vaginal or anal sex and study site (5-level categorical).
Analysis
We used descriptive statistics to describe distributions of participant-level and census tract-level variables at baseline. We modelled bivariate and multivariable relationships with hierarchical generalised linear models (HGLMs) using a logit link with random effects for the intercept in order to model participant-level clustering within census tracts. 25 All HGLMs had two levels: participants (level 1) were nested in census tracts (level 2). Because an aim of this study was to determine whether the magnitudes and directions of relationships between tract characteristics and having a current STI might vary by HIV status, we tested statistically for multiplicative and additive interactions between neighbourhood characteristics and testing positive for an STI by HIV status. We tested for interaction between tract characteristics and HIV status on the multiplicative scale by entering cross-level interaction terms for HIV status and tract-level variables (ie, HIV status×social disorder, HIV status×social disadvantage), retaining interaction terms with p<0.05 in the Full Multivariable Model. We tested for interaction between neighbourhood characteristics and HIV status on the additive scale by fitting separate models using a binomial distribution and identity link, controlling for participant-level confounders. 26 We entered cross-level interaction terms for HIV status and tract-level variables (ie, HIV status×social disorder, HIV status×social disadvantage) stepwise. Interaction terms with p<0.05 were considered statistically significant on the additive scale.
Participant-level covariates traditionally included in models evaluating STI outcomes (eg, alcohol and substance use) may lie in the causal pathways between tract characteristics and current STI status. 15 Including these variables in the full model would attenuate relationships between tract characteristics and outcomes if they did indeed lie on the causal pathway. We therefore re-ran the Full Multivariable Model excluding variables that might lie on the causal pathway between neighbourhood characteristics and STIs (ie, income, QOL, alcohol and substance use, homelessness, history of STI, unprotected sex). We compared OR estimates for all tract-level variables in the Full versus Reduced Models; differences in magnitude >10% suggested that excluded variables may attenuate relationships between neighbourhood characteristics and STIs.
HGLMs were fit using PROC GLIMMIX using Newton Raphson optimisation and Gauss-Hermite quadrature approximation in SAS V.9.4.
RESULTS
Characteristics of census tracts and participants
A total of 845 women were enrolled at WIHS's southern sites. One hundred eight women were excluded from these analyses because they did not have geocoded address data; the majority of these women did not consent for geocoding (n=65, 60.2%). Participants excluded from these analyses because they were missing geocoded address data were more likely to report annual household incomes ≤US$18 000 (83.2% vs 69.0%, p=0.003); alcohol and substance use (48.1% vs 37.9%, p=0.04) and sex exchange (17.6% vs 5.7%, p<0.0001).
In the final analytic sample (N=737), participants were aged on average 44 years (SD=9.3), 71.9% were HIV-infected and 83.3% identified as non-Hispanic African-American (table 2) . For a more detailed description of results, please see the web only appendix.
Eleven per cent of participants tested positive for at least one STI at baseline. The proportion testing positive for any STI was comparable by HIV status. Participants on average lived in census tracts with 29.1% of residents living in poverty (SD=13.6) and with 19.1 newly reported STI cases per 1000 residents (SD=13.3) and 13.7 violent crimes per 1000 residents annually (SD=13.4) (table 2). On average, tracts contained roughly five alcohol outlets per square mile (SD=7.8).
Associations between neighbourhood characteristics and current STI status
In bivariate analyses ( †In Alabama, the number of newly identified STIs was available by ZIP code, but not census tract. ZIP-level STI counts were allocated to tracts based on the proportion of residential population using the 2015 boundaries USPS-HUD ZIP to tract crosswalk file. Twelve ZIP code-census tract combinations were not included in the crosswalk file. For these 15 participants (17% of participants with available census tract data at site), ZIP code STI prevalence was assigned to the participant census tract. We conducted sensitivity analyses, removing these participants from the analytic data set, to explore potential bias introduced by this substitution. The rounded Full Model OR estimate with and without these 15 participants was the same.
‡In Mississippi, off-premise liquor licensing data were available (liquor can only be purchased at package/liquor stores), but licensing data for sale of beer and wine off-premise were not publicly available. As a proxy, we used non-restaurant businesses with permits to sell eggs or milk (eg, convenience stores, pharmacies) under the oversight of the Mississippi Department of Agriculture and Commerce because these types of businesses would have refrigerated display cases and likely have the capacity to sell beer and wine.
In the Reduced Model, tract-level social disorder (OR=1.30, 95% CI 0.99 to 1.72, p=0.06) was associated with having a current STI when excluding participant-level covariates that may lie on the causal pathway. Tract-level social disadvantage (OR=1.34, 95% CI 0.96 to 1.87, p=0.08) was associated with having a current STI (Reduced Model). Specifically, a 1 SD higher social disorder component was associated with a 30% greater odds of having a current STI and a 1 SD higher social disadvantage component was associated with a 34% greater odds of having a current STI.
There was no evidence of effect modification of the relationships between social disorder, social disadvantage and having a current STI by HIV status on either a multiplicative or additive scale ( p>0.05). ORs for tract-level characteristics in the Full Model, as compared with the Reduced Model excluding participant-level variables that might lie on the causal pathway were within 4% for all comparisons, suggesting that excluded variables did not lie on the causal pathway.
DISCUSSION
In this multilevel analysis controlling for participant-level characteristics, we found that greater tract-level neighbourhood social disorder (ie, greater violent crime, vacant housing, poverty, STI prevalence) and social disadvantage (ie, more alcohol outlets, renter-occupied housing) were associated with having a current STI among women living in the South and that these relationships did not vary by HIV status. To our knowledge, this study is among the first to test relationships between neighbourhood characteristics and STIs in adult women 10 13 16 and the first to analyse whether these relationships varied by HIV status.
Our findings are consistent with past studies exploring relationships between neighbourhood conditions and STIs in young adults. 10-12 16 These studies have found that neighbourhood poverty and neighbourhood STI prevalence (elements of the social disorder component) are associated with testing positive for a current STI. [10] [11] [12] Similarly, changes in neighbourhood social disorder and social disadvantage are associated with changes in network characteristics and STIs: reductions in neighbourhood poverty, violence (elements of the social disorder component) and alcohol outlets (an element of the social disadvantage component) are associated with less partner risk, fewer sexual partners in close proximity (ie, less spatial assortivity), fewer sex partners entering networks and with lower neighbourhood STI prevalence over time. 13-15 21 27 Neighbourhood social disorder and social disadvantage may create vulnerability to STIs by promoting norms supporting higher risk sexual behaviours and substance use, connecting women to higher risk sexual networks and ultimately increasing the probability of having a sexual partner with an STI. 10 11 20 21 Interestingly, in this predominantly HIV-infected cohort, none of the participant-level characteristics included in our bivariate or multivariable models was associated with current STI status. Similarly, the effect estimates for social disorder and social disadvantage in the Full Model versus the Reduced Model found that all estimates were well within the a priori 10% threshold, further supporting that these participant-level factors (eg, alcohol and illicit substance use, condomless sex) did not lie on the causal pathway connecting neighbourhood characteristics and STIs. It is likely that sexual network characteristics, and not individual attributes, are key mediators of the relationships between neighbourhood characteristics and current STI status. 9 13-16 21 It is also possible that additional mechanisms, which we did not assess but merit further exploration, lie on the causal pathway between neighbourhood characteristics and current STI status among HIV-infected women specifically. For example, being on ART has been linked to decreased STI risk among HIV-infected women in studies exploring individual-level determinants of STIs. 3 An emerging line of multilevel research suggests that neighbourhood factors shape HIV care and treatment among HIV-infected populations: neighbourhood disadvantage is associated with lower CD4 counts and less ART initiation. 28 29 Findings are subject to limitations. Although the WIHS provides a high quality sample of women who are living with and at increased risk of HIV infection in the Southern USA, study participants agree to long-term follow-up and may not be representative of the general population. Participants excluded from this analysis due to a lack of geocoded address data may have lived in qualitatively different neighbourhoods. However, participants with and without geocoded address data were not statistically different with respect to current STI status. Residential census tracts may fail to capture the activity spaces in which sexual risk behaviours most frequently occur, although individuals living with and at increased risk of HIV tend to select sexual partners in closer proximity than lower risk populations. 13 Relationships between neighbourhood factors and having a current STI may vary across different STI types. We did not have sufficient prevalence in this sample to assess relationships between neighbourhood factors and each STI type (eg, social disorder and chlamydia). However, past research supports that the geographic distributions of STIs share common spatial cores. 30 Due to the cross-sectional nature of our study, we are unable to draw conclusions regarding the causality of relationships between tract characteristics and STIs.
Collectively, our findings underscore the importance of neighbourhood characteristics in shaping women's risk for STIs and suggest that relationships between neighbourhood characteristics and current STI status do not vary by HIV status in our sample. Additional research is needed to establish the causal direction of these relationships and to elucidate the pathways through which neighbourhood conditions create vulnerability to STIs among HIV-infected and high-risk HIV-uninfected women living in the Southern USA. If future research supports our findings, interventions designed to reduce women's STI risk should seek to improve neighbourhood conditions or mediators of relationships between neighbourhoods and STIs. *Multivariable modelling was restricted to participants with no missing data for predictor or outcome variables (n=589). †Component generated from PCA including tract-level vacant housing units, violent crime rate, STI prevalence, poverty and unemployment. ‡Component generated from PCA including tract-level renter-occupied housing and alcohol outlet density. AIC, Akaike information criterion; BIC, Bayesian information criterion; PCA, principal component analysis.
